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Abstract 
The Ce3+ doped Ba2MgSi2O7 phosphor is synthesized via high temperature solid state reaction method. The Thermoluminescence 
(TL) and Mechanoluminescence (ML) analysis presents that the emission of this phosphor is in violet region around 400nm. It is 
found that the TL intensity is maximum for 0.05mole Ce3+doping and the TL intensity increases with UV exposure time up to 25 
min then decreases for higher UV radiation dose. The ML intensity of Ba2MgSi2O7:Ce3+ is maximum for 0.05 mole Ce3+ doping 
and it is also observed that ML intensity is increasing approximately linearly with impact velocity.  
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1. Introduction 
Use of rare earth as luminescence activator is one of the latest applications of rare earth elements. In the mid -
1990s, alkaline earth aluminates (MAl2O4, M= Ca, Sr, Ba ) doped with Eu2+ and co-doped with ions e.g. Nd3+, Dy3+ 
were introduced as new commercial persistent luminescence materials because of their excellent properties, e.g. 
high quantum efficiency, long persistence of phosphorescence and good stability [1,2]. Unfortunately, expositions to 
water may impair the luminescence properties of these aluminates materials, which limit their use, e.g. in the paints 
as a pigment [3]. Silicate is an excellent host matrix for phosphors because of its low cost, stable crystal structure, 
high physical  and  chemical  stability,  and  strong water persistence compared with other materials [4, 5]. In recent  
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times, rare earth doped akermanites (Ba, Ca, Sr)2MgSi2O7  have  been  extensively  investigated  as  red  phosphors  
because of their  chemical  stability.  It is well known that Eu3+ is an excellent activator, with a good emission 
spectrum in the red region [6]. Co-doping of Ce3+ in Ba2MgSi2O7:Eu enhances  its luminescence properties[7]. In 
this work, the TL and ML properties of the prepared Ba2MgSi2O7 phosphors doped with Ce3+ were studied. 
2. Experimental 
2.1 Synthesis 
Solid state reaction is widely used to prepare phosphor because sample prepared using these methods have good 
luminescence and very good morphology also. The Ba2-xMgSi2O7:xCe3+ phosphors are prepared via solid state 
reaction method. The starting reagents were BaCO3 (99.0%), MgO (99.0%), SiO2 .H2 O (99.0%) and rare earth oxide 
CeO2 (99.0%) and also used 0.05 mole of H3BO3. The raw materials were weighed stoichiometrically and mixed 
thoroughly for approximately 2 h in a agate mortar, then sintered at 12000C for approximately 4h. The reagents 
reaction formula is, 
2 BaCO3 + MgO + 2SiO2 .H2 O + CeO2 = Ba2MgSi2O7:Ce + 2H2 O +2CO2 + O2 
2.2 Characterization 
The phosphors were characterized by different techniques. The phase identification is carried out by Bruker D2 
phaser X-ray powder diffractometer and absorption spectra were recorded using Shimadzu UV-1700 UV-visible 
spectrometer in the range of 190-500nm. The Thermoluminescence studies were carried out by TLD reader 
(Nucleonix TL 10091) with 80W UV lamp as excitation source of 365nm. The ML was monitored by an indigenous 
setup having RCA 931 photomultiplier tube [8]. TL spectra were recorded using interference filters. 
3 Results and Discussions 
3.1 XRD 
 
Fig.1 (a) XRD pattern of Ba1.95MgSi2O7:0.05Ce3+ phosphor  (b) Crystal Structure of Ba2MgSi2O7 
The XRD pattern were collected in the range of 20°<2Θ<70°. The doped Ce3+ ions did not change significantly 
the lattice structure of the host. Particle size is found 52.18 nm, for (0 2 2) peak using Debye-Sherrer equation (Fig. 
1(a)).  
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Table 1, Cell parameters, particle size and structure of the phosphor 
Material Cell parameters(nm) Size (nm) Structure 
    
Ba1.95MgSi2O7:0.05Ce a = 0.8437, b=1.0727 c=0.8443 52.18 monoclinic 
3.2 EDX Analysis 
Energy-dispersive X-ray spectroscopy, is an analytical technique used for the elemental analysis of a sample. 
The number and energy of the X-rays emitted from a specimen can be measured by an energy-dispersive 
spectrometer. As the energy of the X-rays is characteristic of the difference in energy between the two shells, and of 
the atomic structure of the element from which they were emitted, this allows the elemental composition of the 
specimen to be measured. 
 
 
Fig.2 EDX analysis of Ba1.95MgSi2O7:0.05Ce3+. Data was collected using Quanta 200F. 
 
By the EDX spectrum of Ba1.95MgSi2O7:0.05Ce3+ we found that all the constituents elements are present in the 
material and no other impurities are mixed (Fig. 2). 
Table 2, Presence of expected elements in Ba1.95MgSi2O7:0.05Ce3+ by weight% and atomic weight% 
 
Element Weight% At% 
O 17.16 48.00 
Mg 06.36 11.70 
Si 12.17 19.38 
Ba 63.12 20.56 
Ce 01.20 00.35 
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3.3 Photoluminescence Characteristics 
Fig.3 shows (a) excitation and (b) emission spectra of Ba1.95MgSi2O7:0.05Ce3+. The phosphor shows the 
excitation peak around 327 nm and emission peak around 415 nm wavelength purplish-blue band, originated from 
the 5d to 4f transition of Ce3+ ion in Ba1.95MgSi2O7:0.05Ce3+ phosphors.  
 
 
Fig.3 PL (a) Excitation and (b) Emission Spectra of Ba1.95MgSi2O7:0.05Ce3+ 
3.4 Absorption Spectra  
Absorption spectroscopy refers to spectroscopic techniques that measure the absorption of radiation, as a 
function of frequency or wavelength, due to its interaction with a sample. Optical excitation of electrons across the 
band gap is strongly allowed, producing an abrupt increase in absorption at the wavelength corresponding to the 
band gap energy. This feature in the optical spectrum is known as the optical absorption edge. Fig.4 shows the 
absorption spectra of Ba1.95MgSi2O7:0.05Ce3+ phosphors in the range of 190nm-500nm. It can be seen that the 
spectra is featureless and no absorption occurs for wavelength O>390nm (visible). The absorption edge is found to 
be at 250 nm and corresponding band gap is calculated as 4.96 eV. 
 
 
Fig.4 Absorption Spectra of Ba2MgSi2O7:Ce 
(a) 
(b) 
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3.5 Thermoluminescence Characteristics 
Ba2MgSi2O7:Ce3+ Phosphors were synthesized with different dopants. The doping concentration for TL was 
optimized. Fig. 5 shows the TL glow curve of Ba2MgSi2O7:Ce3+ with different concentrations of Ce3+ with UV 
irradiation for 25 min. An increase in the activator concentrations increases the energy stored by the ions. On the 
other hand the distance between the activators gets shorter and the energy transfer comes into being [9]. 
Consequently, there is an optimum in the activator concentration, as is seen in Fig. 5 (a) and (b). It is found that the 
TL intensity is maximum for 0.05 mole concentrations of Ce3+. Two TL peaks are found in the glow curve between 
room temperature and 300°C. The trap depths for two peaks were calculated using different heating rate method, 
which are 0.08704 eV for shallow trap and 0.4105 eV for deep trap, respectively. Fig. 6 (a) shows the TL glow 
curve for UV-irradiated Ba1.95MgSi2O7:0.05Ce3+phosphors. The irradiation time was varied from 1 min to 30 min. It 
is clear that the TL intensity is maximum for 25 minutes irradiation time. Fig. 6(b) shows the TL emission spectra of 
Ba2MgSi2O7:0.05Ce3+ phosphors, which shows the maximum TL emission at 400 nm, which is due to 5d to 4f 
transition of Ce3+. The cause of traps in phosphors is usually the lattice defects. When initially the UV irradiation 
time increases, the trapping concentration also increases, consequently the TL intensity increase[10]. After an 
optimum radiation time the bleaching of trapped centers takes place and the TL intensity decreases on further 
increase of irradiation time. 
 
     
(a) 
 
 
      
(b) 
Fig. 5 (a) TL glow curve of Ce3+ doped Ba2MgSi2O7 for different concentration of Ce3+ with 25 min UV radiation time. (b) Plot between Ce3+ 
concentration and total TL Intensity with UV dose For 25 min. 
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(a) 
 
    
(b) 
Fig. 6 (a) TL glow curve for Ba2MgSi2O7:0.05Ce3+ for different UV radiation time. (b) TL emission spectra of Ba1.95MgSi2O7:0.05Ce3+  
3.6 Mechanoluminescence Characteristics  
To measure the Mechanoluminescence a load of particular mass and shape was dropped from different height for 
striking the phosphors at different impact velocities. For impulsive ML measurement, phosphor was placed on the 
Lucite plate and was covered by the thin aluminum foil. The rise and decay of ML at different impact velocities 
were recorded by storage oscilloscope connected to the PC. Fig. 7 below shows the experimental setup for the 
impulsive excitation of ML. 
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1. Stand 2. Pulley 3. Metallic 4. Load 5. Guiding Cylinder 6. Aluminum foils 7. Sample 8. Transparent Lucite Plate 
 9. Wooden Blok 10. Photomultiplier tube 11. Digital storage oscilloscope 12. Iron base mounted on table 
Fig.7 The experimental setup for the impulsive excitation of ML 
 
             
(a) 
 
66   Sanjay Kumar Sao et al. /  Physics Procedia  76 ( 2015 )  59 – 67 
 
(b) 
Fig.8 (a) ML of Ba1.95MgSi2O7:0.05Ce3+ for different concentration with 50 cm height. (b) ML intensity with 
 different heights of Ba1.95MgSi2O7:0.05Ce3+.  
It was found that ML intensity is maximum for 0.05 mole concentration of Ce3+ for 50 cm height (Fig.8 (a)). 
Also it was observed that the ML intensity increases linearly with increasing dropping height of moving piston 
(Fig.8 (b)). When the ML phosphor is fractured the charged surfaces is created during the movement of a crack. An 
electric field of the order of 107- 108 Vm-1 may be produced between the newly created oppositely charged surfaces. 
This field may cause the dielectric breakdown of the crystals, and the recombination of free carriers may give rise to 
recombination luminescence [11]. When the doping concentration is increases the concentration of electron-hole 
pair created during fracture also increases. So the recombination luminescence also increases. On the other hand, the 
distance between the free charge carriers gets shorter when the doping concentration increases, that results energy 
transfer between the free charge carriers, that decreases the luminescence. When the impact height is increases the 
area of fractured charged surfaces also increases, consequently the recombination luminescence also increases. 
 
4. Conclusions 
The Ce doped Ba2-xMgSi2O7:xCe Phosphor of different concentration of Ce has prepared using solid state 
reaction method. We have also investigated the XRD, EDX, PL and absorption spectra of the phosphor Ba2-
xMgSi2O7:xCe for different concentration of Ce. From XRD it is cleared that the structure of Ba2-xMgSi2O7:xCe is 
monoclinic and the particle size is 52.18nm. Similarly, the EDX spectrum tells that all constituents elements are 
present in the material and no other impurities are mixed. PL emission shows the peak around 415 nm wavelength 
(λex= 295 nm) purplish-blue band, originated from the 5d to 4f transition of Ce3+ ion in Ba1.95MgSi2O7:0.05Ce3+. The 
absorption spectra shows the absorption edge at 250 nm hence the energy band gap Eg is calculated as 4.96eV. We 
observed the TL and ML phenomenon. The TL intensity is maximum for Ba1.95MgSi2O7:0.05Ce3+ with 25 minutes 
UV exposure time. It is found that ML intensity is optimum for 0.05 mole of Ce3+ with 50 cm impact height of 
moving piston.  ML intensity increases linearly with increasing height. From the above results it is found that the Ce 
doped Ba2MgSi2O7 phosphor is a good luminescent phosphor. Its application part can be extended. 
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